Objectives Burden of cervical cancer (CC) is highest for women in low-and middle-income countries (LMICs).
Introduction
Cervical cancer (CC) is one of the commonest cancers of women in the world [1] with more than 86 % deaths occurring in the low-and middle-income countries (LMICs), a figure that is expected to increase to 91.5 % by 2030 [2] . India contributed about 23 % of CC cases and 25 % of CC deaths to the world figures in 2012 [2] . Over the years, there has been a decline in CC incidence in India even in the absence of any systematic screening program although CC still accounts for a substantial proportion of cancers among women in rural areas (29.8 % in rural registry of Barshi as compared to approximately 10 % in urban registries) [3] . A substantial portion (up to 99.7 %) of CC in India is caused due to persistent infection by the human papillomavirus (HPV) [4] . HPV infection is cleared by most women albeit for a small section of women who develop persistent infection leading to premalignant lesions with two specific HPV types (16 and 18) being the most common agents. Overall, HPV types 16, 18, 31, 33 and 45 were detected in 87.1 % of all cases in a study from India [5] . Other studies such as those by Bhatla et al. [6] found similar figures with 73.6 % cases of CC being infected with HPV 16.
Although HPV is a necessary cause of CC [4] and a lot of attention is being focused on HPV control and vaccination, the long process of CC development is aided by the presence of a number of other factors. One of the lesser studied factors related to CC development is the lack of menstrual and reproductive hygiene as evident in some studies on CC in India [7] [8] [9] . Lack of hygiene among women is one of the most important problems of LMICs, especially women belonging to low socioeconomic status (SES) [10] . Lack of hygiene ultimately leads to development and persistence of reproductive tract infections (RTIs) or lower genital tract infections (LGTIs) [10] [11] [12] [13] and is even associated with aiding and abetting the development of CC [7, 9] . We will use the term RTIs throughout this article.
Indeed, multiple studies highlight the clear association between RTIs and CC. Peitsidis et al. [14] in Greece discovered that women infected with chlamydia had almost twice the incidence of atypical squamous metaplasia compared to women not infected with chlamydia [14] . Similar findings were observed in a study in the UK where infection with chlamydia or bacterial vaginosis was independent risk factor for vaginal HPV infection [15] . Such associations are also seen from LMICs such as China where higher RTIs were associated with the incidence of cervical intraepithelial neoplasia (CIN) and HPV infection [16] . Another study from Beijing observed high rates of CIN among women with bacterial vaginitis [17] . Concurrent presence of RTIs might be due to the confounding role of multiple sexual partners. Alternatively, there might also be effect modification of association of HPV with CIN due to the presence of other RTIs. There is some evidence to suggest that bacterial vaginosis is not associated directly with CIN [18] and abnormal production of nitrosamines has been implicated [19] . However, biological associations such as synergism of other RTIs with occurrence of CIN cannot be ruled out emphatically [19] .
Given the above and also the fact that the literature exists from multiple epidemiological studies in India, on the associations between lack of hygiene and CC [7] [8] [9] , hardly any research exists on the underlying associations between RTIs and CC in the Indian context. Pertaining to this reason, we decided to investigate the association between RTIs and CC utilizing data from women across 13 years visiting the Cancer Detection Center (CDC) of the Indian Cancer Society (ICS), Delhi.
Materials and Methods

Study Setting
This study was based on secondary analysis of data collected from the records of the CDC of the ICS, Delhi. This CDC is located at 42 Babar Road, New Delhi, and has been conducting early detection and screening for cervical, and head and neck cancers for the last 30 years for people coming voluntarily to the center or people attending cancer detection camps organized by the ICS, Delhi, upon request by organizations. All the data at this detection center originated from people getting themselves voluntarily screened, either at the center or at one of the camps. Following clinical examination and tests, the data were entered via a form into a Microsoft (MS) Access database which had 31 tables, 35 queries and one patient master form. The patient master form described the general information asked from people at the first point of contact with the CDC personnel.
Data Management
The 31 tables contained information of different variables such as cancer type, clinical history, eating history, family history, operation or medication history, sociodemographic variables, insurance, billing, Pap smear examination details and camp venue. There were some variables which were repeated in the different tables. The number of subjects present in the database was 30,318, and the earliest subject belonged to the year 1987. After analyzing all the tables in detail, there were five tables named ''Patient Master,'' ''Clinical History,'' ''Detection Report,'' ''Generals'' and ''Cytopathological Report'' that were found to be useful for analysis as these were the tables containing all the relevant information about the subjects. Rest of the tables either contained duplicate, less or no information at all. Clinical History Table contained Finally, a merged Excel sheet without duplicates containing 24,931 cases and 104 variables was prepared. The merged Excel sheet contained data on 11,427 female cases and 13,504 male cases for 13 years starting from 2000 to 2012. For the purposes of this study, 11,427 female cases were included with 31 variables in total to be analyzed.
Data Analysis
Data analysis was done with the help of MS Access, MS Excel and SPSS 16. The data were tabulated in terms of frequency distribution of different variables. Cases with missing information were excluded from analysis. Chisquare and Fisher's exact tests of significance were employed for testing associations. P \ 0.05 was considered for statistical significance. Unconditional logistic regression analysis was also performed, and odds ratios (ORs) with 95 % confidence intervals (CIs) were computed for all the relevant variables. Including sociodemographic variables did not change the estimates and thus were not included in the final models except age which was included as a continuous variable. Inflammation is a part of the pathway as well as end result of infections as well as CC, and as such, treating it as a confounder was not yielding meaningful results. Therefore, it was not included in the multivariate model. We also ran a separate model with the composite variable-total infections, realizing that most of the effect we saw was due to Trichomonas vaginalis (TV) infection.
Results
Of the total 11,427 women screened at CDC of the ICS, Delhi, cytological findings were observed among 10,536 (92 %) women. Table 1 contains the distribution of cytological findings, demonstrating that majority of the cases, i.e., 2310 (29 %) had non-specific inflammation followed by atrophic vaginitis cases 963 (12.1 %). Among the RTIs, 416 (5.2 %) cases had clear diagnosis of Candida followed by cases of TV 353 (4.4 %), coccoid bacteria 317 (4 %) and non-specific fungal infection 71 (0.9 %). Among the premalignant lesions of cervix, the cases of atypical squamous cells of undetermined significance (ASCUS) were high -629 (7.9 %) followed by low-grade squamous intraepithelial lesion (LSIL) -106 (1.3 %). The Pap smear examination also revealed 3496 (43.8 %) cases of no evidence of dysplasia or malignancy (NEDM) and 1503 (18.9 %) cases of normal smear. Distribution of sociodemographic and hematological markers of cases according to premalignant lesions (Table 2) shows that the majority of cases, i.e., 10,888 (95.3 %) were married; 6308 (55.2 %) were housewives; 10,570 (92.5 %) belong to Hindu religion; 6356 (55.6 %) were having less than 12 g Hb; and 9558 (83.6 %) were having normal white blood cell (WBC) count. These overall patterns were similar for most categories of cervical premalignant lesions. Distribution of LSIL and occupation was significant (P = 0.009). Also, 9.4 % of women had premalignant lesions of cervix; ASCUS was most common (7.9 %) followed by LSIL (1.3 %). Table 3 demonstrates the association between the sociodemographic and hematological variables and RTIs. Distribution of occupation and TV was significant (P \ 0.001) with more proportion of employed women (5.8 %) diagnosed with TV compared to other occupation types. Occupation was also associated with all infections (P = 0.002). Association between TV and Hb was also significant (P = 0.029) as was the association between coccoid bacteria infection and WBC count (P = 0.042).
In Table 4 , we explored the various associations between the different types of premalignant lesions and RTIs. We discovered the significant associations of TV with ASCUS and LSIL (P \ 0.001) as well as all premalignant lesions (P \ 0.001). In addition, we also discovered significant associations of atrophic vaginitis with ASCUS, LSIL and all premalignant lesions (P \ 0.001). Significant associations were also observed for non-specific inflammation with ASCUS, LSIL and all premalignant lesions (P \ 0.001); erosions with ASCUS (P = 0.049) and LSIL (P = 0.023); and all premalignant lesions (P = 0.001). Overall, on exploring associations between all infectious and premalignant lesions, significant observations were for ASCUS (P \ 0.001), LSIL (P = 0.01) and all premalignant lesions (P \ 0.001).
The results of unconditional logistic regression analysis comparing women with and without premalignant lesions of cervix are presented in Table 5 . Due to missing data, multivariate regression was possible only for 7895 women. Higher odds of inflammation was associated with most variables with nearly four times higher odds for women with premalignant lesions of cervix (OR 3087; 95 % CI 3.32, 4.52). Women with premalignant lesions of cervix had higher odds of having TV infection (OR 2.79; 95 % CI 2.14, 3.64) and erosion (OR 5.08; 95 % CI 1.89, 13.68) while having lower odds of having atrophic vaginitis (OR Table 2 continued Marital status (N = 11,426) 
Discussion
This study used data from 11,427 women over a period of 2000-2012, from the CDC of the ICS, Delhi. Most women were middle-aged, married, Hindu and housewives with more than half being anemic. The occurrence of inflammation was quite high among women. Women with RTIs had Candida, TV or coccoid infections with professionally employed women and anemic women having higher incidence of TV. Among the premalignant lesions of cervix, ASCUS had a high prevalence followed by LSIL. TV was significantly associated with ASCUS, LSIL and all premalignant lesions of cervix. A high prevalence of 7.9 % for ASCUS observed in our study was more than that observed in other studies conducted in the community in India [20] . Overall, multiple studies across the world have found an ASCUS prevalence varying from 0.6 to 4.5 % [21] , with higher prevalence of as much as 10.5 % observed among adolescents [22] . Some researchers have discovered as much as a fivefold difference in ASCUS prevalence in two different cities of the same country (Brazil) [23] , but have not been able to explain the cause for it. We are also unable to pinpoint the exact reason for the high prevalence of ASCUS we observed except for the fact that we did have women in younger ages in our study. Nevertheless, this finding of ours needs to be further elaborated by larger studies in the community.
The prevalence of TV infection in this study was comparable to existing figures of 2-7 % for India [24] . The most notable finding in this study was the high association of TV infection with women having premalignant lesions of cervix. None of the other infections, which had similar proportion of occurrence as TV infection, were as closely associated. TV is an anaerobic, flagellated parasitic protozoan and is the most prevalent curable sexually transmitted infection (STI) in the world [25] with 89 % prevalent cases being women [25] . Although up to 80 % of TV infections remain asymptomatic [25] , it does not reduce the extent to which TV is a public health concern. TV increases the risk of human immunodeficiency virus (HIV) acquisition by as much as 2.7 times [25] , preterm labor by up to 1.3 times [25] and pelvic inflammatory disease (PID) by 4.7 times [25] . Evidence also exists of possibly more virulent pseudocystic forms of TV existing with and exacerbating CC [26] .
In addition, TV has been regularly found to be associated with HPV and CC in human studies in various parts of 18 (100) 0 (0) 18 (100) 6 ( the world. Lazenby et al. [27] discovered more than sixfold higher risk of women with TV being infected with HPV type 16 infection. We saw an association of TV with ASCUS and LSIL which was similar to the findings of a Belgian study where such associations were seen among women with high-risk HPV infection [28] . Depuydt et al. [29] in their study done in Antwerp also demonstrated a higher association between TV and HPV infections. Studies from India also show a presence of TV infection among women who were HPV positive [30] or who had dysplastic changes [31] . There have been few other studies from India which did not detect links between TV and HPV [32, 33] . However, the number of studies investigating the link between RTIs, HPV and CC in India is quite low. There is a need for more such studies to better define the epidemiology of RTIs in the Indian context. There is also the need for more awareness among women, especially in rural areas of India, regarding menstrual and genital hygiene, STIs and accessing gynecological services. Multiple studies from India have repeatedly pointed out the lack of hygiene among women [7, 8, [10] [11] [12] [13] 20] and the very low utilization (31 % of symptomatic rural women sought care) of gynecological services [34] which lead to persistence of RTIs resulting in worsening of any HPV infections that might be present. Adding to the above scenario is the low rates of barrier contraception usage in rural areas of India as is evident from the low usage of condoms (*9 %) [35] . Also, the Indian government has woken a little late with regard to women's health in rural areas. It has been only couple of years that the National Rural Health Mission (NRHM) began the Promotion of Menstrual Hygiene Scheme in India wherein rural adolescent girls are provided sanitary napkins at a price of rupee 1 (*2 cents) [36] , a step which might be too little and definitely late, as far as women's health is concerned. Similar steps are also needed for women in urban areas since urban women from low SES might be facing similar issues as rural women.
To conclude, CC, which is still the most common cancer among rural women and second most common cancer among urban women of India, is probably being aided and abetted by the high presence of RTIs. These RTIs persist in an environment of low awareness and lack of hygiene in women, especially in rural areas. In the absence of any population-level screening for CC and lack of adequate steps being taken to increase awareness or hygiene among women, the fight against CC in India is on the back step. The cost of HPV vaccine is quite high to be included as routine immunization, and in the absence of screening services, even HPV vaccination will not be meaningful. We need large primary studies from India, mainly in rural women, regarding the link between RTIs, HPV and CC. More also is needed to be done to improve the status of women's health in India to reduce the incidence of CC as well as other reproductive morbidities associated with recurrent and persistent RTIs.
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